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The study was conducted among 274 mechanized and 220 traditional rice farms using multistage sampling 
technique to assess the technical efficiency in rice production among mechanized and traditional farmers in 
Jhapa, Sunsari and Bardiya districts.  The Cobb-Douglas functional form of the stochastic production frontier 
was employed to obtain the technical efficiency in mechanized and traditional rice farms. The overall technical 
efficiency of the mechanized and traditional rice farm ranged from 40.31 to 92.23 and 31.21 to 85.02%t with the 
mean technical efficiency of 80.56 and 70.11% respectively. The scope of increasing output by adopting the 
technology adopted by the best performer was 19.44% in mechanized and 29.89% in traditional rice farm 
respectively. Majority of the farmers were operating at an efficiency level 70-80% and 60-70% in mechanized 
and traditional farms respectively. The average technical efficiency of mechanized rice farm was higher than 
that of traditional rice farm and the difference was significant. There was scope of increasing output through 
rational use of existing resources in both farm categories. Manures, chemical fertilizers had significant and 
positive effect to total yield of rice kg/ha. The effect of machine use to total yield of rice was positive and 
significant. Rice farms adopting machines were more technically efficient compared to traditional rice farm.  
Keywords: Cobb-Douglas, Elasticity, Mechanization, Rice, Technical efficiency 
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Agriculture is the main stay of Nepali economy contributing 26.98% to country's Gross 
Domestic Product (GDP) (MoALD, 2019) and engage 60.4% of its labor force (NPC, 2020). 
Food security is the burning issue in Nepal with more than two-thirds of the districts facing 
food shortages every year (Joshi et al., 2012). Rice is placed at the first rank among cereal 
crops in terms of area and production, contribution to GDP and AGDP and livelihood of the 
people (Regmi, 2017). Rice contributes about 20% and 7% to AGDP and GDP respectively 
and also supplies about 40% of the food calorie intake in Nepal (CDD, 2015). Currently, 
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from the area of 1.49 million hectares of land, 5.61 million metric tons rice is produced in 
Nepal and the Terai region of the country shares more than 70% in term of area and 
production in Nepal (MoALD, 2019). However, the trend of importing rice (Milled and 
grain) has increased from 487 thousand metric ton to 769,000 metric tons in terms of quantity 
while the value has almost doubled from NRs.16 billion to NRs.32 billion in the last 6 years 
(DoC, 2019). Thus, this situation clearly demands the calls for improving yield of rice to 
ensure food and nutritional security in Nepal.   
 
Adoption of improved technology and focus on agriculture research is one of the best options 
to increase agricultural production and productivity (Asfaw & Bekele, 2010). Government of 
Nepal (GoN), Nepal Agricultural Research Council (NARC) has been playing a significant 
role to improve the rice productivity in the country. The current production is not sufficient to 
meet the demand of growing population and ensure food security in the country (Shrestha et 
al., 2020a; Shrestha et al., 2020b). However, the results have not been achieved satisfactory. 
The average growth rate in area and production of rice is only about 0.35% and 1% per year 
(Regmi 2017). Rice is labor intensive crop and thus requires large number of labors during 
various farm operations (Bhandari et al. 2015 & Dhital, 2017). The rice productivity is 
greatly affected by labor scarcity during crop establishment (Liu et al, 2017). For the 
successful crop production, the timeliness of farm operations is important and use of 
improved implements and machineries is important for undertaking the farm operation in 
time. In this context, farm mechanization can help address shortage of labor, ease drudgery, 
enhance productivity and the timeliness of agricultural activities, promote efficiency in 
resource use (ESCAP, 2018).  
 
Mechanization is important option to ensure profitability in agriculture (Vortia et al., 2019). 
According to Asefa (2012), if existing inputs and technologies are not efficiently utilized, 
trying to introduce new technologies will not be cost-effective. Thus, a technical-efficiency 
analysis is crucial to find out if farmers are efficient in the use of the existing resources and to 
decide when to introduce new technologies in mechanized and traditional rice farms. The role 
of mechanization in enhancing the efficiency in production system has still remained to be 
analyzed in Nepal. There have been several studies on exploring the production efficiency of 
rice in Nepal but study on farm mechanization impact on rice production efficiency has not 
been conducted till date. Thus, the present study examines the technical efficiency in 
mechanized farm and compares it with traditional rice farm so that farmers can be motivated 
to adopt new technologies. The study is also required to understand how the resources have 
been used and what are their contribution to output. The study also explores the efficiency 
distribution at which farmers in both the mechanized and traditional rice farm are supposed to 
fall.  
 
MATERIALS AND METHODS  
 
Study area 
The study was conducted in Jhapa, Sunsari and Bardiya districts of Nepal. Jhapa and Sunsari 
districts were two Terai districts of province no. 1 and Bardiya was one of the Tarai districts 
of Province No. 5. These three districts were among the most potential district in rice 
production in Nepal. The selected three districts share 12.6% and 14.1% to total national area 
and production in Nepal (MoALD, 2019). These districts were also the command areas of 
Rice Zone and Super Zone units of Prime Minister Agriculture Modernization Project 
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(PMAMP) which is a government owned project being implemented to facilitate for 
industrialization of rice sector via promotion of mechanization as one of the strategic 
interventions. Within the selected districts, respondents from one local unit from Jhapa 
(Kachankawal Rural Municipality), two local units from Sunsari (Duhabi Municipality and 
Gadi Rural Municipality) and two local units from Bardiya (Rajapur Municipality and 
Geruwa Rural Municipality) were selected for taking data through structured and semi-
structured questionnaires.  
 
Sampling design 
Multistage random sampling technique was adopted for the selection of study area and 
sample respondents for collection of information required for the study. The rice growing 
farm was divided into two categories i.e. Mechanized and Traditional rice farms. Mechanized 
farm referred to the rice farm that uses at least one or more of agricultural machines for at 
least one or more farm operations in tillage, transplanting, harvesting,  threshing. Traditional 
farms were referred as rice farm that used none of the agricultural machines for rice 
cultivation. The rice grower of selected rural municipalities and municipalities were 
considered to be in sampling frame. The data was collected through structured and semi-
structured questionnaires. Based on the population size, the sample size of the study was 494 
respondents which constituted 220 respondents from traditional and 274 respondents from 
mechanized rice farms. The focused group discussion, key informant interview, stakeholders 
analysis were performed during study. The sample size was determined using the following 
formula and was also verified by using Raosoft software for determination of sample size. 
 
Table 1: Sampling frame 
District 
Population size (No.) Sample size (No.) 
Mechanized Traditional Mechanized Traditional 
Jhapa 1895 334 91 75 
Sunsari 1760 240 91 69 
Bardiya 2007 354 92 76 
Total 5662 928 274 220 
Total Sample size: 494 
 
The sample size was determined using the following formula:  
 
  [
[            ]
[                   ]
] 
(Daniel & Cross, 2013) 
Where:  
n = Sample size 
N = Total population size/household 
p  = Estimated proportion of population included (50%) 
d = Error limit (10%)  
 
The field survey was conducted in the month of December 15, 2018 – April15,2019. 
 
Analytical methods 
 The technical efficiency was calculated by adopting Input-Oriented Measures. In order to 
estimate the technical efficiency of mechanized and traditional rice farms in study area, 
stochastic production frontier was used. The data was analyzed using STATA software. The 
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Cobb-Douglas functional form of the stochastic production frontier was employed to estimate 
the technical efficiency in the study area. The Cobb-Douglas stochastic frontier production 















(Mohammed 2012; Danso-Abbeam et al., 2012) 
 
The Cobb-Douglas stochastic frontier production model is specified in its explicit form as:  
 
Ln Yij =β0 +β1Xij1 +β2Xij2+β3 Xij3 + β4 Xij4 + β5 Xij5 + β6 Xij6 + vi+ui.............................(ii) 
 
Where, Ln =Natural logarithm 
Yij =Output (kg)  of i
th
 crop on j
th
 type of farm 
 Xij1 = Human labor (man days) for  i
th
 crop on j
th
 type of farm 
 Xij2= Seed (kg) for  i
th
 crop on j
th
 type of farm 
 Xij3= Machine hours (hours) for  i
th
 crop on j
th
 type of farm 
 Xij4 = Manures and fertilizers use (kg/ha)  i
th
 crop on j
th
 type of farm 
 Xij5=  Chemical Fertilizers (kg) for  i
th
 crop on j
th
 type of farm 
 Xij6= Agro Chemical (litre/ha) for  i
th
 crop on j
th
 type of farm 
Xij7 = Irrigation (hours/ha) 
Vi = Error term measuring errors not under the control of farmers  
Ui = Error term measuring errors under the control of farmers.  
β 1, β 2............. = Coefficients to be estimated 
 
RESULTS AND DISCUSSION 
 
Estimation of technical efficiency in mechanized rice farm 
The technical efficiency was calculated by adopting Input-Oriented Measures. In this frontier 
model the yield (kg/ha) was dependent variable for both types of farm. The maximum 
possible independent variables influencing the dependent variables were explored and fit into 
the model. The independent variables identified were machine hours (hours/ha), seed rate 
(kg/ha), compost and manures (kg/ha), chemical fertilizers (kg/ha), agro-chemical use 
(liter/ha), irrigation hours (hours/ha), bullock use (days/ha), human labor (man days/ha). To 
estimate the technical efficiencies of mechanized and traditional rice farms, natural log 
transformation was done for dependent and all the independent variables.  The coefficients 
estimated for mechanized and traditional rice farms using stochastic production frontier is 
presented in the Table 2.  
  
The estimated coefficient (-0.011) for human labor was negative and insignificant which 
means additional use of labor in mechanized rice farm does not increase the output anymore. 
This finding was in line Uldare (2014) with who found the estimated coefficient of labor was 
positive and non-significant for mechanized and non-mechanized rice farms in Nigeria. The 
estimated coefficient for seed was positive but insignificant. This means additional use of 
seed per hectare will not increase the output. This could be because farmers were already 
using the seed more than recommended rate so that additional seed per hectare would not 
contribute to the output increment significantly. Similarly, coefficients for compost/manures 
and chemical fertilizers was positive and significant at 5% and 1% level of significance. This 
means, increase in level of manures/compost and chemical fertilizers keeping other inputs 
constant would increase the level of output in mechanized rice farm. This result coincides 
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with the findings of Oladiebo and Fajuyigbe (2007) who concluded the significant positive 
relation between level of fertilizers and output for upland rice cultivation in Osun state. The 
study revealed that the estimated coefficients for agro-chemicals used in mechanized rice 
farm was 0.908 and was significant at 5% level of significance depicting one percent increase 
in use of agro-chemicals would increase the output by 0.9 percent. This result is consistent 
with Canete and Temanel (2017) who found the use of chemicals to control disease pest and 
chemical fertilizers had significant positive effect to total yield. Coefficient (0.059) for 
machine use was positive and significant implying that increase in hours of machines use for 
rice cultivation would increase the output level significantly. Negative and significant 
coefficient (-0.04) for bullock use indicated that every percent increase in bullock use (in 
days) would decrease the rice output by 0.04 percent. The presence or absence of technical 
inefficiency was tested in the study using the important parameter of log likelihood i.e. λ = 
σu/σv. If λ = 0 there were no effects of technical inefficiency, and all deviations from the 
frontier were due to noise (Aigner et al. 1977). The estimated value of λ was 1.231 
significantly differed from zero. So, the null hypothesis that there is no inefficiency effect 
was rejected at the 0.1 percent level using the Z-statistic, suggesting the existence of 
inefficiency effects for rice farmers in mechanized rice farm category.  
 
Table 2: Estimated Stochastic Frontier Production Function for mechanized rice farms  
Variables  Coefficients Std. Error z, Sig.  P>z 
Log Seed (kg/ha) 0.071 0.043 1.64 0.101 
Log Compost and Manures (kg/ha) 0.061 0.016 3.52 0.00 
Log Chemical Fertilizer (Kg/ha) 0.05 0.025 1.97 0.049 
Log Machine use (Hours/ha) 0.059 0.026 2.49 0.013 
Log Human Labor (Man days/ha) -0.011 0.024 -0.37 0.708 
Log Bullock Use (Days/ha) -0.04 0.019 -2.16 0.031 
Log Agro-Chemicals Use (Liter/ha) 0.908 0.019 9.96 0.00 
Log Irrigation (Hour/ha) -0.001 0.014 -0.13 0.90 
Constant 6.433 0.349 18.56 0.00 
Sigma v 0.082 0.009   
Sigma u 0.101 0.022   
Sigma 2 0.017 0.003   
Lambda () = δu/δv 1.231 0.031   
Summary Statistics      
Log Likelihood 238.13 
Wald Chi 2 185.88 
Prob>Chi2 0.00000 
Mean Technical Efficiency  80.56 
Note:  and  indicate significant at 5% and 1% level of significance respectively.  
 
Estimation of technical efficiency in traditional rice farm 
The estimated coefficients obtained from the Stochastic Frontier Production Function for 
traditional rice farm is presented in the Table 3.The estimated coefficient (0.273) for 
compost/manures was positive and significant at 5% level of significance. This implied that 
increase in use of composts and manures by one percent would increase the output level by 
0.27%. There was significant effect of chemical fertilizer to the total output indicating that 
one percent increase in chemical fertilizers would increase the output by 0.015%. The 
coefficient for human labor was positive and significant at 5% level of significance which 
means increase in human labor (man days) by one percent will increase the output by 0.028 
percent. Estimated coefficient (0.034) for bullock labor use in traditional farm was significant 
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at 5% level of significance. This showed that increase in bullock labor use would 
significantly contribute to output increment. The effect of seed use to the output was found to 
be negative and insignificant. This indicated that the additional use of seed for rice cultivation 
would not increase the output level significantly. This was because farmers of all category 
were using the seed in excess of recommended rate and thus increase in seed rate beyond the 
recommended rate would not increase the output. Similarly, the estimated coefficient for 
plant protection measures (agro-chemicals) was found to be positive and non-significant 
indicating that increase in agro chemicals as a plant protection measure would not 
significantly increase the output.  
 
The presence or absence of technical inefficiency was tested in the study using the important 
parameter of log likelihood i.e. λ = σu/σv. If λ = 0 there were no effects of technical 
inefficiency, and all deviations from the frontier were due to noise (Aigner et al. 1977). The 
estimated value of λ was 1.176 significantly differed from zero. So, the null hypothesis that 
there is no inefficiency effect was rejected at the 0.1 percent level using the Z-statistic, 
suggesting the existence of inefficiency effects for rice farmers in traditional rice farm 
category.  
 
Table 3: Estimated Stochastic Frontier Production Function for traditional rice farms  
Variables  Coefficients Std. Error z, Sig.  P>z 
Log Seed (kg/ha) -0.010 0.007 -1.48 0.138 
Log Compost and Manures (kg/ha) 0.273 0.003 83.81 0.00 
Log Chemical Fertilizer (Kg/ha) 0.013 0.006 2.03 0.043 
Log Human Labor (Man days/ha) 0.028 0.013 2.12 0.034 
Log Bullock Use (Days/ha) 0.034 0.01 3.37 0.001 
Log Agro-Chemicals Use (Liter/ha) 0.001 0.006 0.08 0.933 
Log Irrigation (Hours/ha) -0.002 0.006 -0.82 0.41 
Constant 5.948 0.086 69.01 0.00 
Sigma v 0.017 0.0008     
Sigma u 0.020 0.01     
Sigma 2 0.051 0.000     
Lambda ()= δu/δv 1.176 0.011     
Summary statistics 
    Log likelihood 583.36 
Prob.>Chi2 0.000 
Wald Chi2 9279.29 
Mean Technical Efficiency 70.11 
Note:  and  indicate significant at 5% and 1% level of significance respectively.  
 
Frequency Distribution of mechanized rice farms based on technical efficiency 
Table 4 depicts efficiency categories of mechanized and traditional rice farm in the study 
area. The overall technical efficiency of the mechanized rice farm ranged from 40.31 to 92.23  
with the mean technical efficiency of 80.56  percent. This indicates that famers of 
mechanized rice farms could lessen their input use on an average of 19.44% in order to 
operate at full efficiency level, Therefore, the study concluded that there is still possibility of 
increasing the rice yields by 19.44% adopting the technology adopted by the best performers. 
Similarly, the overall technical efficiency of the traditional rice farm ranged from 31.21 to 
85.02 with the mean technical efficiency of 70.11 percent. This implies that the non-
mechanized rice farm produces 70.11% of the maximum attainable output with given input 
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levels. Wide gap between low and high technical efficiency was evident for both mechanized 
and traditional rice farm. This also mean that rice farmer could achieve the technical 
efficiency level of its most efficient counter parts. Kea (2016) also found the gaps in technical 
efficiency in rice production system with the mean technical efficiency of 78.4% indicating 
room to further improve the technical efficiency.  
 
The mean technical efficiency in mechanized rice farm implies that on an average farm 
produces 80.56% of the maximum attainable output with given input levels. The average rice 
grower in mechanized rice farm could increase output by 12.65% approximately (1-
80.56/92.23). Similarly, the most technically inefficient farmer could increase the production 
by 56.29% (1-40.31/92.23) if he/she could increase the level of technical efficiency to the 
most efficient counterpart. Since the mean technical efficiency of mechanized rice farm is 
80.56%, it can be concluded that the 19.44% of the output is lost due to the inefficiency in 
rice producing system.  
 
Similarly, the mean technical efficiency in traditional rice farm implies that the average farm 
produces 70.11% of the maximum attainable output with given input levels. The average rice 
grower in traditional rice farm could increase output by 17.53% approximately (1-
70.11/85.02). Similarly, the most technically inefficient farmer could increase the production 
by 63.29% (1-31.21/85.02) if he/she could increase the level of technical efficiency to the 
most efficient counterpart. Since the mean technical efficiency of traditional rice farm was 
70.11%, it can be concluded that the 29.89 % of the output is lost due to the inefficiency in 
rice producing system. 
  
Table 4: Range of technical efficiency of respondents under mechanized and traditional 
farm category 
Efficiency level 
 Farm Category 
Total (N=494) Mechanized (N=274) Traditional (N=220) 
0.2-0.3 00 (00) 00 (00) 00 (00) 
0.3-0.4 12 (2.43) 00 (00) 12 (5.46) 
0.4-0.5 29 (5.87) 11 (4.01) 18 (8.18) 
0.5-0.6 51 (10.32) 28 (10.22) 23 (10.45) 
0.6-0.7 136 (27.53) 48 (17.52) 88 (40.0) 
0.7-0.8 158 (31.98) 105 (38.32) 53 (24.09) 
0.8-0.9 87 (17.61) 70 (25.55) 17 (7.73) 
0.9-1.0 21 (4.25) 12 (4.38) 9 (4.09) 
Total 494 (100) 274 (100) 220 (100) 
Notes: ** indicates significant at 1% significance level Pearson’s Chi-square value = 91.53, at p-value = 0.01. 
Figures in parentheses indicate percent. 
 
In mechanized rice farm, majority of the farmers were operating at an efficiency level of 0.7 
to 0.8 (i.e. 70% to 80% efficiency). About one-third farms were at efficiency level of 0.7-0.8 
followed by one-fourth farms at 0.8-0.9 and remaining farms were operating below 70% of 
efficiency. Similarly, in traditional rice farm, majority of the farmers were operating at an 
efficiency level of 0.6 to 0.7 (i.e. 60% to 70% efficiency). About 40.0% farms were at 
efficiency level of 0.6 -0.7 followed by one fourth farms at 0.7-0.8 and remaining farms were 
operating below 60% of efficiency.  
 
t-test of technical efficiency of traditional and mechanized rice farms  
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The estimated means of technical efficiency between mechanized and traditional rice farm 
was tested with t-test to find out whether the difference of means of technical efficiency were 
significant or not. The mean difference of the technical efficiency between mechanized and 
traditional rice farm was found to be 0.1045. The average technical efficiency of mechanized 
rice farm (0.8056) was higher than that of traditional rice farm (0.7011) and the difference 
was statistically significant at 1% level of significant.  
 
Table 5: Difference in efficiency level of mechanized and traditional rice farm 
Particular 









0.8056 0.7011 0.1045 15.62 0.00 492 
Note:  indicates significant at 1% level of significance.  
 
This was in line with Vortia (2019) who concluded that rice farms with higher level of 
mechanization are technically more efficient than the others although both farm groups are 
technically inefficient in rice production. The current study revealed that there was still scope 
of increasing output level of rice by increasing the efficiency of farm through wise 
mobilization and use of existing resources. The Pearson’s Chi-square value was 91.53 and the 
difference in efficiency between mechanized and traditional rice farm was found statistically 




The overall technical efficiency of the mechanized rice farm and traditional rice farm ranged 
from 40.31 to 92.23 and 31.21 to 85.02 percent with the mean technical efficiency of 80.56 
and 70.11 respectively. This indicated that that famers of mechanized rice farms and 
traditional rice farm could increase the output by 19.44% and 29.89% in order to operate at 
full efficiency level respectively. Wide gap between low and high technical efficiency was 
evident of inefficiency for both mechanized and traditional rice farm. This also mean that rice 
farmer could achieve the technical efficiency level of its most efficient counter parts. In 
mechanized rice farm, majority of the farmers were operating at an efficiency level of 0.7 to 
0.8 (i.e. 70% to 80% efficiency and in traditional rice farm, majority of the farmers were 
operating at an efficiency level of 0.6 to 0.7 (i.e. 60% to 70% efficiency). The overall 
efficiency level of both the farms suggest that increase in output and decrease in cost could be 
obtained using available technology. The elasticity of various input used for rice production 
in both the farm indicated that the manures, chemical fertilizers had significant and positive 
effect to total yield of rice kg/ha. The effect of bullock use (days) was positive and significant 
to total output kg/ha whereas it had non-significant impact in mechanized rice farm. The 
effect of machine use to total yield of rice was positive and significant indicating additional 
use of machine hours would increase the output. There is scope of increasing the efficiency of 
rice production system through use of machines and inefficiency can be minimized by 
creating awareness, educating farmers, technical capacity buildup of farmers.   
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